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(57) Titanium material less susceptible to discolor- 
ation and method for thereof are provided. Titanium ma- 
terials less susceptible to discoloration in the atmos- 
phere are obtainable by controlling the fluorine and car- 
bon contents in the oxide film on the surface thereof and 
the thickness of the oxide film. Such titanium materials 
are obtainable by dissolving the surface thereof in an 
aqueous fluonitric acid solution with a nitric acid concen- 
tration of not higher than 80 g/l or heat-treating at be- 
tween 300 and 900 °C in a vacuum or in an inert gas 
atmosphere of argon or helium after dissolving in the 
aqueous fluonitric acid solution. 



FIG. 1 



<3 

O 
U 

c 



o 
u 



30 
25- 
20 
15 




0 5 10 15 

Fluorine content in oxide film <at%) 



o. 

ID 



Printed by Jouvc. 75001 PARIS (PR) 



BNSDOCID: <EP 1306468A1_L> 



EP 1 306 468 A1 



Description 

Field of the Invention 



10 



15 



20 



25 



30 



35 



40 



fensive to view and methods for manufacturing such titanium mater.als. 
Background of the Invention 
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(1 ) A titanium materia, .ess susceptib.e to disco.oration possessing a surface oxide film containing not more than 
^ntm'mTeria, .ess susceptib.e to disco.oration possessing a surface oxide film containing not more than 

;r A p =^ ° xide not more ,han 120 ang - 

stroms in thickness and containing not more than 7 at percent fluorine. 
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(4) A titanium material less susceptible to discoloration possessing a surface oxide film not more than 120 ang- 
stroms in thickness and containing not more than 7 at percent fluorine and not more than 20 at percent carbon. 

(5) A method for manufacturing titanium materials less susceptible to discoloration comprising dissolving the sur- 
face of titanium with an aqueous solution of hydrofluoric and nitric acids (fluonitric acid) containing not more than 

5 80 g per liter of nitric acid. 

(6) A method for manufacturing titanium materials less susceptible to discoloration comprising dissolving the sur- 
face of titanium with an aqueous solution of hydrofluoric acid and nitric acid and, then, heating in a vacuum or an 
atmosphere of inert gas, such as argon and helium, at a temperature between 300 and 900 °C. 

(7) A method for manufacturing titanium materials less susceptible to discoloration described in (5) or (6) comprising 
10 skinpassing, abrasive blasting or other surface properties adjusting or redressing process applied either before or 

after or both of dissolving with an aqueous solution of fluonitric acid or either before or after or both of heat treatment 
in a vacuum or in an atmosphere of inert gas, such as argon and helium. 

[0012] The content of fluorine and carbon and the thickness of oxide film are derived from the distribution of com- 
15 position in ;ne direction of depth from the surface of titanium materials determined by Auger electron spectroscopy. 
The t tamun materials as used here mean strips, sheets, pipes, bars, wires, and otherformed products of pure titanium, 
typicaiiy for industrial use, and titanium alloys. 

Brief Description of the Drawings 

20 

[0013] 

Fig. 1 shows the relationship between the fluorine content in the oxide film before accelerated discoloration test 
and the color difference AE*ab after the accelerated discoloration test. 

25 Fig. 2 shows the relationship between the range of the fluorine and carbon contents in the oxide film before ac- 

celerated discoloration test and the color difference AE*ab after the accelerated discoloration test. 
Fig. 3 shows an example of surface analysis results of titanium materials by Auger electron spectroscopy and 
methods of determining the oxide film thickness, fluorine and carbon contents according to this invention. 
Fig. 4 shows the relationship between the oxide film thickness and the color difference AE*ab after accelerated 

30 discoloration test when the fluorine and carbon contents in the oxide film before the accelerated discoloration test 

are fixed within a certain range. 

Fig. 5 shows the concentration of nitric acid in the aqueous solution of fluonitric acid and the relationship between 
the oxide film thickness and the fluorine content in the oxide film after being dissolved in the same aqueous solution. 

35 Preferred Embodiments of the Invention 

[001 4] Atmospheric environment varies among different areas such as coastal, industrial, rural and mountain areas. 
Even in the same area, some titanium materials are more susceptible to discoloration and some are less susceptible. 
To explore the influences of environment and material on titanium discoloration, the inventors conducted exposure 
40 tests and surface analyses on various titanium materials in several areas of Japan in different environments. Also, the 
inventors analyzed the surface of actually discolored titanium roofs. 

[0015] Through these studies the inventors discovered that acid rain is a major environmental discoloration accel- 
erating factor. The inventors devised an accelerated discoloration test to simulate the acid rain environment that eval- 
uates the degree of discoloration by dipping the test specimen in an aqueous sulfuric acid solution of pH3 at 60°C for 
45 several days and checks the color difference between before and after dipping. The Inventors also confirmed that the 
orders of color discoloration (color difference) of the titanium materials subjected to the discoloration acceleration and 
exposure tests agree to each other. 

[0016] Study on the material factor causing discoloration discovered that the composition of the oxide film at the 
surface of titanium materials has influences on discoloration. The lower the contents of fluorine and carbon in the oxide 

so film and the thinner the oxide film, the lower the likelihood of discoloration. For example, acids as weak as acid rain 
cause no corrosion macroscopically. Microscopically, however, titanium or compounds containing titanium, though very 
small in quantity, elutc at the outermost surface of titanium materials. It is considered that the eluted titanium forms 
oxide film through reaction with oxygen and moisture that shows as discoloration by light interference. 
[001 7] When the oxide film contains much fluorine or carbon, fluorine, carbon or compounds thereof lowers the action 

55 of the oxide film to control the elution of the base metal titanium, thereby facilitating the elution of titanium. Or, the 
presence of fluorine or carbon in the oxide film as easy-to-dissolve compounds with titanium facilitates the growth and 
discoloration of the titanium oxide film. Here, fluorine and carbon in the oxide film may possibly exist by itself or as 
compounds with titanium, hydrogen, oxygen, etc. 
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rnnifti To make it difficult to cause titanium surface discoloration, therefore, it is desirable to form a pure and highly 
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Obviously, color difference decreases as oxide film thickness decreases, to as low as under 8 points when oxide film 
thickness is 110 angstroms or below. 

[0031] Thus, this invention specifies oxide film thickness to be 120 angstrom or under, or preferably 110 angstroms, 
as described in (3) and (4). 

5 [0032] Nitric acid concentration in the aqueous f luonitric acid solution affects the control of the thickness of the oxide 
film produced by dissolution in the aqueous fluonitric acid solution and the fluorine content in the oxide film. The in- 
ventors found as shown in Fig. 5 ; that oxide films not greater than 120 angstrom in thickness and containing not more 
than 7 at% fluorine can be obtained by keeping the nitric acid concentration at not higher than 80 9/I (and the amount 
of titanium surface reduction on one side at not lower than 9 u,m). Then, discoloration is difficult to occur. 

w [0033] When nitric acid concentration exceeds 80 g/l, the effect of nitric acid makes the surface of titanium more 
susceptible to passivation and increases the thickness of the oxide film, with resulting increase in fluorine content in 
the oxide film and susceptibility to discoloration. Therefore, this invention specifies that the surface of titanium materials 
should be dissolved by an aqueous fluonitric acid solution with a nitric acid concentration of 80 g/l or under, as described 
in (5). More preferably, this invention specifies nitric acid concentration to be in a range between 1 0 and 60 g/l as this 

is range reduces the fluorine content in the oxide film to approximately 5 at% or under and the thickness of the oxide film 
to 100 angstroms or under. 

[0034] Fig. 5 shows a case in which one side of titanium is dissolved by 9 |im or over in an aqueous fluonitric acid 
solution. When carbon content before dissolving is high and the amount of dissolving is extremely small, the carbon 
content in the oxide film after dissolving is sometimes relatively high. However, when the amount dissolved on one 

20 side exceeds 9 u.m, the carbon content in the oxide film is immune to the effects of the composition and concentration 
of the aqueous fluonitric acid solution. The inventors also found that when titanium is dissolved in an aqueous fluonitric 
acid solution, fluorine in the oxide film is practically annihilated and the thickness of the oxide film reduced by heating 
the dissolved titanium in a vacuum or an atmosphere of inert gas, such as argon and helium, to a temperature of 300 
to 900 °C, as shown in Fig. 5. The inventors confirmed that titanium materials with highly pure stable oxide film con- 

25 taining as little impurities as possible other than oxygen are less susceptible to discoloration. 

[0035] When the heating temperature is lower than 300 °C, temperature is so low that diffusion and evaporation of 
fluorine, carbon and oxygen is delayed and the effect of heating is insufficient. When the heating temperature exceeds 
900°C, temperature is so high that grain growth occurs in such a short time that material quality is sometimes impaired. 
When heat treatment is performed in the air or a nitriding atmosphere, titanium assumes a gold or blue color instead 

30 of a metallic color. 

[0036] Therefore, this invention specifies that titanium materials whose surface is dissolved in an aqueous fluonitric 
acid solution should be heated to between 300 and 900 °C in a vacuum or in an inert-gas atmosphere such as argon 
and helium, as described earlier in (6). Preferably, the heating temperature should be between 400 and 700 °C. 
[0037] The condition of titanium materials before pickling described in (5) and (6) is not limited to any specific condition 
35 but may be either salt-immersed, heat-treated in a vacuum or an argon atmosphere or skinpass-rolled so long as 
dissolving in an acid solution is possible. 

[0038] Whether skinpassing, abrasive blasting or other surface properties adjusting or redressing process is applied 
before or after dissolving in an aqueous fluonitric acid solution or before or after heat treatment in a vacuum or in an 
inert-gas atmosphere such as argon and helium, the effect of this invention to decrease susceptibility to discoloration 
40 remains substantially the same. In (5) and (6), therefore, this invention permits performing skinpassing, abrasive blast- 
ing or other surface properties adjusting or redressing process either before or after dissolving in an aqueous fluonitric 
acid solution or either before or after heat treatment in a vacuum or an atmosphere of such inert gas as argon and 
helium, as described in (7). 

[0039] There are no limitations on the surface profile and material of rolls used for skinpass rolling and the shape 
45 and material of abrasives for blasting. 

[0040] Though the description given so far centers on J IS Type 1 pure titanium for industrial use, this invention is 
not limited thereto but is also applicable to titanium alloys. 

Examples 

50 

[0041] Now the effect of this invention will be described by reference to examples. 

[0042] Table 1 shows manufacturing processes and conditions, oxide film thickness before accelerated discoloration 
test, fluorine and carbon contents in oxide film, and color difference AE*ab after a 7-day long accelerated discoloration 
test of JIS Type 1 pure titanium for industrial use. The oxide film thickness before the accelerated discoloration test, 
55 fluorine and carbon contents in the oxide film were determined, together with the composition distribution in the direction 
of depth determined by Auger electron spectroscopy, by the method described before. 
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55 [0043] Examples for comparison Nos. 11 , 14, 15, 23 to 25. 28, 31 , 32 and 35 in Table 1 contained moretha ,8 

fluorine in the oxide film, had thick oxide films wrth thickness exceeding 120 angstroms, had as high a cart>o > content 
as 22 at%, showed as high a color difference as approximately 1 4 points or above after the accelerated discoloration 
test, and were obviously discolored. 
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[0044] The above is due to the thick oxide film resulted from the nitric acid concentration in the aqueous fluonitric 
acid solution used for dissolving that was as high as over 1 00 g/l and raised the fluorine or carbon content incorporated 
therein. Example No. 35 was heat treated in an argon atmosphere after the surface had been dissolved in an aqueous 
solution of fluonitric acid. Although the oxide film became as thin as 100 angstroms, fluorine content in the oxide film 
5 did not decrease sufficiently because the heat treatment was performed at as low a temperature as 200 °C. As a 
consequence, color difference was as great as 14.4 points. 

[0045] By contrast, examples according to this invention Nos. 1 to 10, 12, 13, 17 to 20, 26, 27 ; 29, 30, 33, 34 and 
36 to 42 contained less impurity in the oxide film. Fluorine and carbon contents were 7 at% or under and 20 at% or 
under respectively. Besides, oxide film thickness was not greater than 120 angstrom. Examples Nos. 16, 21 and 22 
10 were according to claims 1 and 2. Oxide film thickness was not less than 120 angstroms and carbon content in oxide 
film was not less than 20 at%. As color difference after the accelerated discoloration test was not greater than 1 0 points, 
these examples were obviously less susceptible to discoloration. It is also obvious that oxide films containing less 
fluorine and carbon give smaller color difference. 

[0046] This is due to the dissolving in an aqueous fluonitric acid solution with a fluoric acid concentration of 80 g/l or 
15 under that produces relatively thin oxide film and reduces the fluorine content incorporated therein . Examples Nos. 34 
and 36 to 42 were dissolved in an aqueous fluonitric acid solution and heat-treated in a vacuum or an atmosphere of 
argon or helium at 300 to 900 °C. This reduced the thickness of oxide film and the content of fluorine therein. Under 
some conditions, fluorine content was too low to be detected and, therefore, the surface was stable and color difference 
was small. 

20 [0047] Table 2 shows manufacturing processes and conditions, oxide film thickness before accelerated discoloration 
test, fluorine and carbon contents in oxide film, and color difference AE*ab after a 7-day long accelerated discoloration 
test of JIS Type 1 pure titanium for industrial use subjected to skinpass rolling and alumina blasting. The oxide film 
thickness before the accelerated discoloration test, fluorine and carbon contents in the oxide film were determined, 
together with the composition distribution in the direction of depth determined by Auger electron spectroscopy, by the 

25 method described before, as with the data given in Table 1 . 
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[0048] Examples for comparison Nos. 46, 50 and 51 in Table 2 were dissolved in an aqueous fluonitric acid solution 
with a nitric acid of 100 g/l or over and then skinpass rolled. Fluorine and carbon contents in the oxide film remained 
substantially unchanged from before the application of skinpass rolling, as in the case of Examples Nos. 11, 23 and 
24 in Table 1 . Fluorine content in the oxide film was as high as 10 at% or above, as a result of which color difference 

5 was as great as 13 points or above. 

[0049] Examples Nos. 43 to 45, 47 to 49, and 54 to 56 according to this invention were dissolved in an aqueous 
fluonitric acid solution with a nitric acid concentration of 80 g/l or under. Even if skinpass rolling was applied before or 
after dissolving, fluorine and carbon contents in the surface oxide film remained substantially unchanged. Fluorine 
content was as low as 7 at% or below and color difference was as small as under 10 points, as with the examples 

to dissolved in an aqueous fluonitric acid solution shown in Table 1 . Thus, the degree of insusceptibility to discoloration 
remained substantially the same when dissolving was performed in an aqueous fluonitric acid with a nitric acid con- 
centration of 80 g/l or under, whether skinpass rolling was applied before or after dissolving. 

[0050] Examples Nos. 52 and 53 were subjected to alumina blasting after being dissolved in an aqueous fluonitric 
acid solution. With the surface thus slightly reduced, fluorine content was lowered to an undetectable level, as a result 

15 of which color difference was also reduced to as low as 6.2 points or under. Thus, the degree of insusceptibility to 
discoloration remained substantially the same when dissolving was performed in an aqueous fluonitric acid with a nitric 
acid concentration of 80 g/l or under, whether alumina blasting, like skinpass rolling, was applied before or after melting. 
[0051] Examples Nos. 57 and 58 according to this invention were subjected to skinpass rolling before and after heat 
treatment in an argon atmosphere. No fluorine was detected in the oxide film of both examples and color difference 

20 was as small as approximately 5.0 points. Obviously, the degree of insusceptibility to discoloration remained unchanged 
whether skinpass rolling was applied before or after the heat treatment in an argon atmosphere. Like the skinpass 
rolling described here, alumina blasting or redressing also produces similar results. 

[0052] While the examples of this invention described are JIS Type 1 pure titanium for industrial use, similar results 
arc obtainable for other types of pure titanium and titanium alloys. 

25 

Industrial Applicability 

[0053] As is obvious from the above, titanium materials less susceptible to discoloration are obtainable by controlling 
fluorine and carbon contents in the oxide film on the surface of titanium and the thickness thereof. The titanium materials 
30 thus obtained are useful particularly for building roofs, walls and other exterior materials that should not be unpleasant 
or offensive to view. 



Claims 

35 

1. A titanium material less susceptible to discoloration containing not more than 7 at% fluorine in the oxide film on 
the surface thereof. 

2. A titanium material less susceptible to discoloration containing not more than 7 at% fluorine and not more than 20 
40 at% carbon in the oxide film on the surface thereof. 

3. A titanium material less susceptible to discoloration having an oxide film not more than 1 20 angstroms in thickness 
on the surface thereof and containing not more than 7 at% fluorine in said oxide film. 

45 4. a titanium material less susceptible to discoloration having an oxide film not more than 1 20 angstroms in thickness 
on the surface thereof and containing not more than 7 at% fluorine and not more than 20 at% carbon in said oxide 
film. 

5. A method of manufacturing titanium material less susceptible to discoloration comprising dissolving the surface 
so thereof in an aqueous solution of hydrofluoric and nitric acids with a nitric acid concentration of not higherthan 80 g/l. 

6. A method of manufacturing titanium material loss susceptible to discoloration comprising heating the titanium 
material at between 300 and gOO °C in a vacuum or an inert gas atmosphere after dissolving the surface of the 
titanium material in an aqueous solution of hydrofluoric and nitric acids. 



55 



A method of manufacturing titanium material less susceptible to discoloration according to claim 5 or 6 comprising 
applying skinpass rolling, shot blasting or other surface properties adjusting or redressing either before or after, 
or both, dissolving in an aqueous fluonitric acid solution or either before or after, or both : heat treating in a vacuum 
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FIG. 1 




0 5 10 15 



Fluorine content in oxide film (at%) 



FIG. 2 

,. ......... i Range according to this invention (with limited 

fluorine content) 

— ^^ra Range according to this invention (with limited 

£ 1111111] fluorine and carbon contents) 




0 5 10 15 

Fluorine content in oxide film (at%) 



BNSDOCID: <EP 1306468A1 J_> 



11 



EP 1 306 468 A1 



FIG. 3 
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FIG. 5 
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